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CWA@ISjICS AND PROFIIiiiRAG OF THE

NACA 35-215IAKUUR-FIQWMX@’OILAT .
.

ESG3RmI?oms NuM0ERf3

By J. W. Wetmore,“J.A. Zalovcik, end RobertC..Platt

SUMMARY

Testshavebeen conductedIn flightto determinethe
boundar@ayer characteristicsand the profiledrag of the
NACA 35Q15 airfoilsectionat highReynoldsnumbsrs, These
testswere mde cn a teat panelof 17-footchordmountedon
the leftwing of a Douglas%18 airpiane$zatoutsideof the
propellerslipstream.Testswere made to determinethe tran-
sitionpofntsand the boundary-layervelocityprofilesfor
varioussurfaceand powercond~.tionsuvera rq of alrplam
M% coefflclentsfrom 0.20 to O.)~for whichthe rq of
correapondlngReynoldsnuniberewas 30,000,000to 20,000,000.
The profile.dragcoefficientof the panelwas determinedfor
the best surfacecpndltionboth with poweron and with the
enginesand propelMrs utoppedover a rangeof airplaneMft
coeffIclentsfrcm 0.21.to 0.32with a Reynoldsnuuiberraq!y
of 32,000,000to 16,000,000, In addition, the profiledrag
of the uppersurfacealonewas determinedfor the sam power
and surfaceconditionand over approximatelythe sam rangs
of airplanellft mefflcletisand Reynoldsnmibers.

With the best surfaceconditionand the leftengine
Slq)ped,the lamlnsxbound- layerwas maintainedto 42.4 peF
cent of the c~rd on the uppersurfaceat a liftcoefficientof
O.2@ and a.Reynoldsnumber.of26.700~OO0.The resultsof the
tramdtion teste“indicated..a.reduotionof about3 percentof
the chordin the laml~flow run.overthe uppersurfacedue
to operationof.the enginesand propellers..As a resultof
reducingthe Ixcated amplitudeof the transversewaves on
the uppersurfaoefrom 0.005to 0.001Inch,the transition
pointmovedback from about,32.5to about42.5p?cent of the
chord.
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The velocitysurveysIn-** laminarboundarylayer Indioated
that valueaof bmmdary-xer Reynoldsnmber R6 (basedon the
dietanceabovethe surfacetttwhiuh”the dynamicpressurein the
boundarylegeris om+half that $ustoutsidethe bouni&y layer)
exceeding8000 am attainableIn flighton mzitablydeeignedand
carefullyflnlahedairfoils.

The profile-dr~ccefficientof the test pane?.wjth engines
stoppedwas foundto remains~etantiallyconstantat a velue
of about0.001t8for fl~ght conditionsrangingfrom an airplane
lift coefficientof 0.21 and a correspondingReynoldsnuuberof
about 30,000,000 to a li~t coefficientof 0.32 and a Reynolds
numberof 24,000,000.Over t~ .eamerangeof conditionsthe
proflle+lragcoefficientof the uppermp’f’acealonevariedfrom
about0.0022at the lowestlift coefficienttestedto 0.0028at
the highetilift coefficlent. With both enginesoperatingat
full throttlethe drag coefficientdue to both surfacesand that
due to the uppersurfacealonewereboth increasedon the order
of 8 to 10 percent.

The resultsof the te~ts Indicatethe deslnabilltyfor
centinuedflightreseamh on airfoilsat large scale to supple-
nwnt the developmentwork of the tunnels.

INTRODUCTION

Duringthe earliersta@s of the Committeetswork on the
developmentof lmina~flow ai~foils(reference1), it was
foundthatby suitablydeelgnlngthe p~flle of an airfoila
favorableor acceleratingpressuregradientcouldbe mainta~d
mer as ~uch as 80 percentof the chordback of the leadinged~.
Tests of scm of theseairfoilsin the wind tunnelsand in flight
showedthatwithinthe lowerflight rangeof Reynoldsnumbers
the lamlnarboundarylayerextendedas far back as 80 percent
of the chordfrcmthe leadingedge,with the resultthat the
profiledragwas extremelylow.

In the higherReynoldsnumberra~s, say,above20,000,000,
It was expectedthat other~thcds mightbe requiredto obtain
the deaircdextensivelaminarboundarylayers and resulting
extremelylow drags. The presentinvestigationwas undertahn
with the ob~ectof investigatingmthods of prolongingthe
laminarflow at high Reynoldsnumbersand to givedata for
comparisonwithwind-tunneldata. Consequently,a suitablewing
was chopenwith theseob@cts in view ratherthanwith this
obJectof choosingan optimumsectionfor any particular
pzacticmlapplication.
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T4is rspmtrepresentsresults of the tests -ofthe plaln
airfoili These testswvered a _ of Reynoldsnumbe~
between20.,000,000and.30,000,000and Inoludsdvarlationsin
powerconditionand”surPacecondition.An Investigationof
tlm effectof sectionslotsfor boundary-layercontroltill
be coveredIn a subsequentreport.

The teas wem made with a B-18 airplanewhichwas made
availablefor this projectby the Army

APPARATUS

Air Corps.

The DouglasB-18 airplane1s a Mmotored, fullycantilever,
mfdtingmonoplanewith a wiIIgarea of 958.6squarefeet and a
designgrossweightof 23,200 pounds. It is poweredwithWri@t
CycloneR-1820-4jen@es (810horsepowerat ~JOO rpm and
8700 feet) fittedwith 3+hde propellershavinga dianwterof
11 feet 6 inches. HamiltonStandard,hydraulicallycontrolled,
constant-speedpropellersm normallyused on this airplane,
but for most of the presenttests,theywere replacedby Curtlss
electricallycontrolledfull-featheringpropellersIn orderthat
the mgines couldbe stoppedduringflight. The weightof the
airplaneas flownwas approximately22,000pounds. .

A test panelhavingthe NACA 35+215airPoilsection(table
was mountedon the leftwing of @ airplanq. The chordof the
panelwas 17 feet and the spanwas 10 feet at the leadinged~,
taperfngto 5 feet at the traili~ edge. It was constructedof
laminatedwhitepine In tho form of a hollowshellwith walls
about2 inchesthick;the outsideprofilewas accuratelyshagsd
to templetsize. The surfaceswere sprayedwith severalcoats
of lacqwr ba~e fillerand rubbed.downwith variousgradesof
watercloth,the fin@ finishbeing obtainedwith a NO. 400

I)

watercloth. The panelwas suppmted on the wing by rubberpads
runningalongthe top and bottomof the wing sparsand was secured
in placeby means of steelstraps. The positionof the panelwas
suchthat the Inboardend of the leadinged~ was about1 foot
outboardof the propellerdisk,the leadingand trailingedges
were normalto the planeof s.ymmtryof.the airplane,and the
plainof chordlinescoincidedapproximatelywith the planeof
chordlinesof the wing. The panelwas falredintothe wing by
meansof fabricstretchedtaut overa woodenfremwork. ‘lhe
wei@t of the paneland fairl~ was 1394 pounds;satisfactory
lateralbalancefor all conditionsof fliphtwas obtainedby
removingall fuel from the left-wingtanksaridadding350 pounds
of ballastin the rightting tip. Figure1 Is a photographof
the test panelmountedon the wjng;its dlmnsions and location
am shownIrLfigure2.



The upperSnrfaoeof the pllnel was raflnlshedseveral “ .
.. t-a .dyrlx@the 00Ur~ & the teste S0 thath~rf+?-bu=s&J%c& “

Gculdltzoniiaid l%”pmbwed in the rmulta ,
surface”WELWWMM, 1, e., the -Ituda of tlm breasve

,.. ..
rse Wa+l’ee,

wse obt~d by nmsuring the ourvaturevariationsl~ the
surfaceby UMbns cd the dt3’ViC(3 shown in fi&U’e3, ~inim ..
the lower mrfaoe was fomd to be very dlfffcultso that no
attemptwas m to MInfsh lt and no Wavim es Eleamnmme ntO
wwe made on it. “lb condition of the lowersurfacethro~
out the iwesti~tion is beUeved to havebeen aboutthe sam -
m the lnltlalconditionof tlm upper surface.

. .
tie+rtream s’ktiohnd total ~SSmS were masured by

mans of static-and tots’.-pmesuretubeswhichwere d.ibrated
vlth a statichead suspmded belowthe airplam.

The chars,cte,rkticeuf the Mnmdary layerwezw detemlned “ ““
by nmganseitherof >-tubeor %tube racks. The xube racks
were each ccmposedC& a static-pressumtube and fourtotal-
pressuretubesarrangedto meas~ the staticpressuredust
outsidethe buumiarylayei’d the totalpreslnu%closeto
the mrface &d at vexiousdistancesabovethe surf’aoewithin
the b~ layer;they werw usedto dete* the velocity
profileof the bomdaq l~er. In caseswhere it was des~red
to determin6onlythe pointat whlohtransitioncccurmd the
2-tuberacks,each oonsistlng o: a statictube lomted ~ust
outsidethe boundarylayerand a total+ressuretube located
dose to the surface,wre used.

.

Wake-pressuresumeyt3for the detemiriationof profile
drag werw ac~cunplishedby mecns of a bank of 25 ttial-pressure
and 6 static+messuretubeslocated12 percentof the chord
back of the tralll~ edge on the pans-lc@er llne azile~tilng
throughthe bntln walm. TM tatel-pressuretubeswere spaced ~
0.60 inchayjart.A bank of tubes C(XC.SiSti~ of 2.1 t(ytal-pressure ‘
tubes;spaced0.25 inch apart, cnd 3 stati+asure tube;,
nmuntedat the center of the tralllng em and ertendlng only “
throu@ the upper surface wake was used for W determination
of the profiledrag of the uppersurfacealone.

●

All pawsswms were masumd by means of a multlple4ube
al.mholmanmeter ml were xmxmled photogrqh$cally.

●
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~r =~ me == mBaa
,. of thetest panel overan3z@9 ofalr@Elme

. . . ..
~ ~ *r”*M,. . -

llft~meffloients

j%
fromabout.0,20to 0.46;the-q of~ob.mapqdlug Reynolds .
mdbera J.waafrom abut 30,000,000to g0,@0,0fX3. Sm3ral

/

f
Oodltima of w panel tiaoe , ~ iqal“*,tedin figure4, d
var@up pmder c~tlme wam lmetiig ~tMI. The *r. ooMltlCmO

,’ Oovemd Uem ?!Le.foUWEJ;both engtneel.’Illthrottle;poth
t engims U1.~j” @f% A@& stopped, r: ‘*, englm full %tb).

ti#Mi englrm stopped, left eraglm full “.hrottle~ b@h eps
8topped. Only afevteats imremade”cn t@ lowerenarfaqeof
* paml M3ause of its3nferloroo@’ slam.

, TheprOfile drag ~lmtoboth&rf, cesaudl&tdW tOthO
uppersurfacealom ma determimm wi* tlM paml aurfaoaain
tk finalrenditionand for two powerecnxlltlona:both engines
at fullthrottleand both englms atopp:’d.l!heprofile-drag
mmsurexmts co’mweda rangeof alrplazxlift ooeffloiezrtsfZWB
0.21 to 0.32with a rarM9 of 00rr06poIKMag Reynolds *rs
frcm 32,000,000to 24,000,000.

Inaamuoheh it waa ~ceaaary to d,Ivath airpl~ in order
to attainthe low llft coefflclentadmlr 9d,tti mlattve lag
of the W3rloua~mure tubeed MIWs Wls determimd by
epmhl testsand * resy.ltswere comae XIdaocmllnglyo

r
i
I

1
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,
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1

Drm$elxbeain fllmlma5 to 10
anl in tabl.eaII to V. b Figure5 tG dlatrlbuttme”ofP@-
meffloleti, s, (+Qs ~er ~ f~ -S C@ * x~s
am aholm’.AU erpemlmmtal polnte.in fi@re 5 am for poaltimle

Y
* oenter Mm of the *r aud l.pieraurfaoeeof the t4x3t

P=S ~ W* ~f=~d by ~= @ *. ~r =~p
Tmnaitkq.z%mults am pmamzked intables II - IIt fclrfour
surf%k ooldltlona ae ahcnm In figma 4,,* for varionaengine
arilpiopellermndltians. m rangm CW lift ooeffloleabaml.
ReymldE-mmiberomemd in eaoh teat run are ~mW,ed, Ih addition
to tWI pu%ioular lm ooeffiolehtsa@l R4qnoldsnumbere at whloh
tmnaitim Oocurred , The lbthbd of determining *. Odtiopa
for tranaiticmis ~oated ~ ftgyw 6. h fiqures7 md 8 tb
Velooitydidxmlu’tklela w 1~ layerare~ahown
fom pow ohmlwlm axiallateral pqltiona.m“ * Upparand .

.
...
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the Telmity withinthe bo@kry lIXVer,.U .18the velocity
Just outside the ~.. lap?, 7 la the .di#kncefrcm the
surfaoeat vhioh.w .1s mmmred, o Is the paml chord,ati
R latb ReynoldsnlmR3Flnte2mlsof thepanel choraandthe
fre+slmeamvelocity;thiBmthod of plot%* eliminatesthe
effectof varlatlom in Rqmoldg nuaiber. Valves d Rg& *

lmu@3ry=~r Reynolds.nuuiberin termsof U and of tk Tslu .
of y at whioh u/U = 0.707, are Ilated.in table IV foT

mrkms ccmdttlms underwhlcktramition to turbulentflow
WR8 probablyhKlxmrt. The proflbd~ coefflcietisfor both
emfeks and for the uppersur?aceeJone are @ven in flgums 9
and 10, recpectlvely,and In tableV.

EIHCUHSNJN

The pressuredistributionoverthe

.

forwu’d53 percentof the
chord on the upper surlkioe aml mar 40 percentof the chordon
tba lcwersurfacewas detemiJwI fmm the S-tatiqressuiemxmum=
rents obtainedwith the boundary-layerracks..Inasmuchas the
sectionlift Coe?flcientac1 ootidnot be mkluabe(lwithout
pressure+16tfibutlondata overthe entire“panelchord,the ~
resultsof the investl@ion-am presentedjn relation to the
@a~ lm cwffici~ ~, ~ A S~WiS5 var~ation in the

surfaoe pressures. Itiicated-that the section J.lftcoe~lcient
variedon the orderof k or 5 ~ercentoverthe rcnge of spanwlse
posltlonscoverd In the *ts, beinghighestidboard~ 10west
outM of the penalcenterline. 1%s seotlon.iiftcoefficient
at the centerof the taut ~ Is estimatedto be about 0.90 of
th9 airpume lift Ccmfficient. .

The e~rimmtal pmswre- distrtbutlonshownin flgum ~
W’M oMMmd at an alrpleum lif~ coeffic~entof 0.238soFthat
t~ secttanllft coefficientwag probablyabout(1.22as ccmpared
to the valueof 0.20 at whichthe airfallis designedto operate..“ “
This smalldifferencein Mmccefflclent wouldprobablynot
materiallyaffectthe shapeuof the curves. The minimumpreasure-
on the upper surfatx is shownto oocur at about 45 percentof
tilechord.

The transition Oondltioalm mmmrlzed .IntablesII and III
-am defined8s the Cmndlttonqat which,for a givenchordulse
position, a slight depsrtum%”mm .thc @mm lift mefflcient-
Rcynolds number cdblnatlon wuld -cm tmnsition from ~
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to.turbulent flow. The transition was ~nerally well deffnedby
an abruptiiee in tha velcxt-tyclose to the surface as illustrated.

>.., ,,..,.in.fiF,,6. . ,.... . ... .. .,... ,.

Comparison of the transition retiults for the varioua con-.’.
ditione tesked 3.8rather uncertain im some cases’owing to the
fact that them is no fixed re3.ationketween airpiane lift ,
coefficient and %yn~lds n~~a~-; i6 -e.,,for a q~tit~tfve

evaluation of the ef~ect, l?o’rexample, of the ~oxer or surface
condition on the extent of the lamjnar-tiound.a~layer, tom-
parison should be made at the spree@J?t coefficient and at
the same Reynolds number. There are, ho~evgr, several con.-
elusions indicated by the results. With the best surface ‘

],})and with the ~efk gnginecondition tested.(condition D, fig. ;,,
stopped the l.aiii~rboundary layer wus m,iiltained “to k2.4 percent
of the chord on the upper surface. ‘Asshown in table II, tran- ,, ‘,
sition wae observed at this station at several different combi-
nations of C1, ~d R owing to the”unavoidable variation in
the relation of R to CL between fi.ifforenttest rums. At
an airplane lift uoeffici,entof’0.’220,which mo~t newrl.yapproaches
the design lift co~fficient of the panel (cz = 0.20), the
Reynolds number for transition at 42.4 percent of the chord
was 26.7 millions. The transition point on the lower surface
was not determined for exactly the foregoing conditions hub,
8.s ~hown in tab~-e111, at a lift coefficient of 0.247 and a
Reynolds number of 26.8millions transition occurred at P8.4
percentof the chord.so that for C .=0.22C), representing a
more unfavorable condition for the kol,~ersurface, the extent of
the lamina,rylayer would be somewhat Less than 28.4 percent of
the chord. This result is an indication of the degree of
inferiority of the lower eurface condition aE compared to that
of the best upper surface condition.

The influence of surface condftion on the position of
transition is shown more directly ly comparison between the
trarwition results obtained with the different upper surface
,conditfons. With condition A, for which the indicated ampli-
tude of the transverse surface wavfness was as much as 0.005
inch, and with the left engine stoyped, transition occurred,
at 32.7 percent of the chord and 24 inches outboard of the
panel center line at an airplane lift coefficient of 0.247 end
a Re~oldu number of 26.4millions. For surface condition D,
with an indicated waviness ~plitude of 0.001 inch, and the

w. same power condition the transition occurred at 42.4percent
of the”chord at the same Reynolds num%er and a more unfavorable
lift coefficient of 0.256. The result of the Improvement.inthe
uppsr si.arfacecondition was therefore an increase tn the extent

.—
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of th~ lamirk+.r‘bo7tiazwy layer of “atleast 10,~ercent of,the
dhord. ‘J%e“effectsof’MM intermediate,,sur’’aceccmd.ittons me”
rmt d~finite>y imiicated by tha m Stits.

In l’t@.xre57 md 8 bou~iiary-layerveloeity distributions,
determtnerifor several cou.dl.t~onsfrom the test~, are compared
with tl~ the~r~tical Blasius flap-pla-bed58tr&OUti0nS. ~~
general, the”exp~iwi~tal points comiorrnto the theoretical
profile shaye within the probabl..eI.imfts.of’accuracy of the
measuretint~. The effect of the favo~ah?..e~ressure gradient’,
which is maintained.over the forv.ird&5 percent of the
3>215 airfoil section, is evidewwd in {igure 7 by the values
of equivalent flat-plate len5%h, correE@nzding to the Blasins
profiles, which are generally less than the ec’tualdifitmnce
along the surface from the sta+jmtt.onpeint.

The valuesof R5 derived from the memmred velocity
distributionsin the lamiiw,r‘bo~:ndarylayer and ll~ted in
table IV range froinaixiut7500 to 9000. Alth.oum individual
values may not be entirely reliablej the results, in genera?-j
are Efficiently consisteo:~to permit the conclusion ‘Mx3t
values of R5 of ab least 8000 nre attainable before tran-
sition occurs in flight on s~ite.blyde~igned and carefully
finished airfoils. The value 8000 represents a co~si?.eri%le

increase over the highest values obta?.neilin the original.
NACA low-turbulence t-xme?.on laminar-flow airf’uil.sslmil~r
to the j~-~1~ section;”this c’omp~.risenindfcatee that even
with extremely low turbulericoin i% tumnel air stream,
boundary-layer and profiie+~,g:~.eas~e~lent~ may be subject
to consider?.blererrisionvhen applied to fli@t conditions.
It is pointed out that while the valm R8 = 8000 may not
be the ultimate attainable, thi~ VW..“’1].ehas been at%iaed ad.
therefore may be used as a guide iu esttmaiing wfiaimay be
e+xpectedin the extent of the”laminar bcm.ndarylayer and
hence in profile drag for airfoils having pimsmzre-distribu.tion
characteristics generally similar to those of the 35-22.5ai.rfotl~

The prof’ile-dragcoef’f’icientof the penel was determined
from the full-wake surveys ia accordance with the momentum
method as developed by Jones,. (Gee reference 3.) For the
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prom—off Com!lltk * Oaefmoatintis Sd?@mxtaally6mstlmt
overthe ~ af 15f’to*ti30ient E@ Reynolds nwiber lixmsti-
@ted ezd has EL-’tiUb-of abmkt 0.0048~.”-With~r,,tm ths V+W
1s lnoreemd to about0.0052 or 8 pemtmt. ..

In Vlelrof tb IIrrtmlorixnmtlon tie* lover Emm3ae of
tm paml * prafllea?agmau Ummnts m the y)per’ Surfaoe
alom are ocnmtdermlas more necr4 zqmxwxta+iliwd? tk oa~
bllitlesof the EdYxM.1, TIM ~ 00SffiOi.SdtS we~. :evd.uated
fmmthehdf4MlHlm eys.bythe methadQf’ EV@14’l+imnm&
(See mfemnoe 4.) As s@akaIn fi&&w ’10~~~: thd pqpp=off
00dmtm th 00t3fftOi13M.:mm-a fwh @c@ “amm- t3t IMI
airplam9lift Gmffiotent d 0.23 aml 8 I@yrJ@dIEI*r of
29,W,~:tQ ~.0028 at a.Mft 00sHlckxk ~ 0.34’- a
Rey+ls nimiberof 2k,0Q0,000.“It IS rshmnable tO as- that
fCW. W+ gOOa SMb COdmMS * dzY3g aw” tii tb hWS*

13titios -a h MS *M tkt Of ths:~.sw51& so tmt
the midJhum @g ooeff%ient of the alrfbil *’ be’mxmilat
leee than 0.0044. The adverseeffect on tM *’ odeffiolent
.clueto englmeand ~ller ~ration 36 Subetamtlatedby the
PCWS~ ~tits which elm an inoreasein drag inefficient
of about10 peraentmm “the powe-f VELUS.

h referenoe4, in addlticmto.th Shod of dstemlntng
profiledrag frm wah surveys,them 1S developeda n@hod
of predlotlngthe drag frcuna knowled~ of t@ looa~f~’of “
the transitionpo~, the lemlnarb~ r Velocit$r,
distributionImmediatelyfommxd of tlk.tmix@’t~on$QU, . “ .“
- thS PI’sseureditirlbutionbetweentheltrdndtidi bOtjXt:.“ “

9
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Imdthetxl%lllnge. Tomalmuee ofthismtkdth6” eb -i,-” .
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of a flit @die.at ‘t* Ibypoldk” n+nbi zt kdii-tlw Valm of
0.0048 ti o~ii f.w t+~ *pi@ XAIM1” h O.OCW m abut 8
peroenb’gre&ter..;* mip#mumpmfl~ ccwfficientfor the
mnventioml FIMM 001~ airf’o$l&mti~ 10.eti,lmitetlto be
0.0057at * mhB Reyll@det_*” d about.20~&oeti Egwatir
than’“thatOf,t@ 3=5 SSOti$Mm:Cunparisonm the basis Of
the up@er eurfam drag indipht@I ~%%he- t3in@e.b~~e
turbulentskiqf’rfctiq.iof a.$Jat..plate3s aboutE pement
greater* *4 Mnglo surfaoddr@ of-%he 0015 sectianabout
30 po~nt ~er ~j tk ,upp#%aurfaoedrag of.I+e3X5
airfoilsmtldn. . . ,,: . ..... ..

.-
,“, . .

. cQNgI@xE
. ..

. .. ..- Rm44mB .,. :’....
.1 . .

A UmtMr @ux4ary I&r was&aidaipe&uver*lM “upper
mrfaoe of #e Mm 35+5 test panelto x/c = 0.424whelm
transitionto turb- flqw occurredat a lift coefficient
of 0.220allaa *&!limbar of 26,~,ooo. l!mpkmingthe
mmdition of’* *,r euz?aoeso that the I+cate.d amplilmle
of thq .tramvcm~ -s, as mamma with the”mn%%oe-ourvature
MS ;WELSI“@~ ~.:0.m5 M to O.ml ihohz%imltedin
Immw3sing t+ e*ut of * leminarboundary@yer from 32.5
peroentto ~.5 :~.q of,the.ohord,thereb~.”probablyreduoing
the Profi=. qqetii~m ~ the uppersuzYaoeatqt 18 pex-
oent. The ws8*t8 ‘of.%he.trans$tlontests.Iridicdeila forwmd
~nt ofWx t~i~~oh. point of about3 pe,*nt of:t-k ohord
due to ~tilti of the e+i~s - prop@lereI.....“ “

!m3 VIBlcwlty,a&+i3+Jill” the iaiinarb~ l&y&rItiicated
that valuesof k**r Reymlfletimber
tk diatanoefrmitlm..dtiaoe at which the
the bo’mm’y lay6r”16.*? ‘that.$lstoutefdQ.‘me boundary
layer)exoeodlng.~!~

T
‘.:mtta$n@le in fli@t m s@tably

deaigml d oEmi%l* .~qi*& am’’foila. “ ,’
.,. . . . . ..

The profildr&’&f&ie& with ycqr” &’.was VBry.nesxly
constantwith @ Valq ““~O..00*for fli@t Uohditionsranging
from an airplaneliftcoaf’ficientot O;=’ apil‘h’’oozmsponding
Reynoldsmmber of abcm&SO’9000,.0CXJto a.lift coeffiolegtof
0.32 ml a ReynoldeJnuiber.of 24,000,000.~or the S- ~
of ooMitioas the prc@i~ omff’ioicmt.bf”the qppersurfaoe
al- variedfrcau0.0022to 0.0028. TM dffdctof @=4Xuwttle
operaticmof the enginesand~llers ~xm=e,qse~.thaproflle-
dragcoefficientsas masqd fqr both surfhih~qqd m tbe
uppos,suXYaoeelm cm .* orderof 8 to 10 peroent..... ....“. ~-. .

1
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-.-..-,- Coauparfimnof the results ofthe present fli*t testi oxi
the .y~5 %&fwl motion :wtth.data .obtai~d -on W=rdly

u

sfmikr dZ’fOf16 in the Oti@ m .low-turbtitidtind‘ “ -
tunnelshowedthat in fllghtthe leminerbounderylayerwas
maintalrmdto valuesof

7
oondkrably mater than the

highestveluesthatwere a‘talnedin the tunnel. This result ‘
, Indicatedthat even in tunaelair stresmsof’extremelylow

turbulencethe effectof the residualturbulencemightbe
apweciable,and therebybmcmstratedthe necessityof co%
timed flightxwsearohon alrfollsof largesc~e to supple-
ment the developmentwork of the tunnels.

Lan@ey HemorlalAeronauticalLaboratory,
NatlonalAdvisoryCommitteefor Aeronautics,

Lan@ey Field,7a., May 5, 1941.
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Figurel.- NACA 35-215testpanelmounted on wing ofa DouglasB-18 airplane.



P“ . . . .

J-—---- --------------

?1:\ .-. .,={J-b, “’””-‘-”-”7

I ( l--wI”lt”’z’’J-J

1-——-—/7f7° ----+

N. A.c. A. 3~-2/S @lfifOl/ .fL_c+/0~,

0





.



,! !,11 *1 -!..~i.!:’” –;,, .“’”.1 i-~-.y,l
, ,., ,., ,. . . . . $ , ,. I

I*I l,.~<l I I <1, .1 t i.- }-:}- il . . ,-1+ i



t--i-

ILL

— +-u +

, ‘T

,.

,.

1.1. /, ‘, ‘ ‘,. :

—.

1-.
“-i--t-klw-b

A

,,, ,

I



I
— —-——

;! I

1 { I 1 I I 1 1 1


